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Description

[0001] The presentinvention relates to a battery pack.
[0002] In general, unlike primary batteries, which are
notrechargeable, secondary batteries are rechargeable.
According to the types of external devices to which the
secondary batteries are applied, the secondary batteries
are used as a single battery or in the form of a battery
module in which a plurality of batteries are connected as
a unit.

[0003] According to the conventional art, as a power
supply unit for starting up an engine, a lead storage bat-
tery is used. Recently, to improve fuel efficiency, an Idle
Stop & Go (ISG) system has been applied, and the use
ofthe ISG system s gradually increasing. A power supply
unit that supports an ISG system, which is an idling lim-
iting device, has to maintain strong charging or discharg-
ing characteristics despite high output characteristics for
engine start up and frequent start ups, and has a long
life span.

[0004] However, charging or discharging characteris-
tics of lead storage batteries according to the conven-
tional art deteriorate due to repeated engine stops or re-
start- ups under the ISG system, and cannot be used for
along time.

[0005] According to the invention, there is provided a
battery pack comprising a battery module and a battery
management system for controlling charging and dis-
charging of the battery module via an external terminal,
wherein the battery management system is arranged to
limit a state of charge of the battery module to be within
a charging and discharging range between a charging
limit and a discharging limit, the battery pack further com-
prising a sensor unit for detecting swelling in the battery
module, wherein the battery management system is ar-
ranged to limit the state of charge of the battery module
in response to the detection of swelling in the battery
module.

[0006] The battery management system may include
a swelling sensing unit for receiving a battery swelling
measurement value from the sensor unit that indicates
a degree of swelling and for determining whether the de-
gree of swelling is equal to or greater than a predeter-
mined reference value.

[0007] The battery management system may be ar-
ranged to reduce the speed of swelling or to correct the
swelling in response to a determination that the degree
of swelling is equal to or greater than the predetermined
reference value.

[0008] The battery management system may be ar-
ranged to determine whether the state of charge of the
battery is at or approaching the charging limit or the dis-
charging limit.

[0009] The battery pack may further comprise a selec-
tion unit for selectively connecting the battery module to
and disconnecting the battery module from the external
terminal in response to a determination that the state of
charge of the battery is at or approaching the charging
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limit or the discharging limit.

[0010] The battery pack may further comprise an aux-
iliary battery, wherein in response to a determination that
the state of charge of the battery is at or approaching a
charging limit or a discharging limit, the selection unit is
arranged to switch to the auxiliary battery, or wherein the
selection unit may be arranged to disconnect the external
terminal from both the battery module and the auxiliary
battery in response to a determination that the state of
charge of the battery is at or approaching a charging limit
or a discharging limit.

[0011] The battery pack may further comprise an aux-
iliary battery and a control module for controlling the
charging and discharging range, wherein the control
module comprises a common terminal connectable to
the external terminal, the battery module being connect-
ed to the common terminal via a first variable resistor and
the auxiliary battery being connected to the common ter-
minal via a second variable resistor, wherein the battery
management system is arranged to control the resist-
ance of the variable resistors in response to a determi-
nation that the state of charge of the battery is at or ap-
proaching the charging limit or the discharging limit.
[0012] The control module may further comprise
means for switching between the common terminal and
a dummy terminal for disconnecting the battery module
and the auxiliary battery from the external terminal.
[0013] The battery module may be arranged to be dis-
charged as soon as the charging limit is reached and
arranged to be charged as soon as the discharging limit
is reached.

[0014] The battery module may comprise a lithium ion
battery and the auxiliary battery may comprise a lead-
acid battery.

[0015] An idle stop and go system for a vehicle may
comprise a battery pack as disclosed above, a power
generating module for charging the battery module, a
starter motor arranged to be powered by the discharge
of the battery module and an electrical load.

[0016] The battery management system may be ar-
ranged to control the power generating module to supply
power to the battery module when the discharging limit
is reached and to control the electrical load to discharge
the battery when the charging limit is reached.

[0017] The battery management system may be ar-
ranged to transmit a signal to the starter motor to start
an engine of the vehicle when swelling of the battery is
sensed after the engine of the vehicle is stopped.
[0018] The battery management system may be ar-
ranged to transmit a signal to the electrical load to operate
the electrical load when swelling of the battery is sensed
after the engine of the vehicle is stopped.

[0019] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 illustrates a structure of a vehicle including a
battery pack according to an embodiment of the
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present invention;

FIG. 2 illustrates a structure of a battery pack ac-
cording to an embodiment of the present invention;
FIG. 3 illustrates an internal structure of a battery
management system (BMS) according to an embod-
iment of the present invention;

FIG. 4 is a schematic view illustrating a selection/
control unit according to another embodiment of the
present invention;

FIG. 5 is a graph of a state-of-charge (SOC) of a
typical battery;

FIG. 6 is a graph illustrating charging or discharging
of a battery module by limiting a range of charging
or discharging, according to an embodiment of the
present invention;

FIG. 7 illustrates an internal structure of a vehicle
including a battery pack according to another em-
bodiment of the present invention;

FIG. 8 is a graph illustrating an SOC of a battery
when swelling is corrected, according to an embod-
iment of the present invention;

FIG. 9 is a flowchart illustrating an operation of re-
ducing a proceeding speed of swelling by limiting a
charging or discharging range of an SOC of a battery;
and

FIG. 10 is a flowchart illustrating an operation of cor-
recting swelling by charging or discharging a battery
within a charging or discharging range.

[0020] FIG.1isaschematicview llustratinga structure
of a vehicle including a battery pack 100a according to
an embodiment of the present invention.

[0021] The battery pack 100a may be electrically con-
nected in parallel to a power generation module 210 and
a starter motor 220 via first and second terminals P1 and
P2. Hereinafter, the first terminal P1 may be referred to
as an external device connection terminal.

[0022] Indetail, the battery pack 100a may store charg-
ing power generated from the power generation module
210 and supply discharging power to the starter motor
220. Forexample, the power generation module 210 may
be connected to an engine (not shown) to provide power
thereto, and may be connected to a driving axis of the
engine to convert rotational motive power into an electri-
cal output. Here, charging power generated by the power
generation module 210 may be stored in a battery module
110, as described below, via the first and second termi-
nals P1 and P2 of the battery pack 100. For example,
the power generation module 210 may include a direct
current (DC) generator (not shown) or an alternating cur-
rent (AC) generator (not shown) and a rectifying unit (not
shown), and may supply a voltage of about 15 V DC,
specifically, voltage of about 14.6 V to 14.8 V DC.
[0023] For example, the battery pack 100a may be
used as a power unit for starting up an engine of an Idle
Stop & Go (ISG) system, in which an ISG function is
implemented to improve fuel efficiency. In the ISG sys-
tem, as the engine is repeatedly and frequently stopped
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and restarted, charging and discharging of the battery
pack 100a are repeated. A lead storage battery applied
to conventional ISG systems has problems such as a
decrease in durability and life span and a decrease in
charging and discharging characteristics due to frequent
repetition of charging and discharging operations, and
for example, a charging capacity is decreased due to
repeated charging or discharging, and thus, starting up
ability of an engine is degraded, and an exchange cycle
of the lead storage battery is shortened.

[0024] Forexample, compared to the lead storage bat-
tery, the battery module 110 according to the current em-
bodiment of the present invention includes a lithium ion
battery which maintains relatively uniform charging or
discharging characteristics and thus has little deteriora-
tion and may be suitable for an ISG system where stop-
ping and re-startup of an engine is repeated. Also, com-
pared to a lead storage battery of the same charging
capacity, the battery module 110 according to the current
embodiment of the present invention obtains the same
charging capacity with less volume than the lead storage
battery, and thus, a mounting space may be reduced.
However, not only a lithium ion battery but also a nickel
metal hydride (NiMH) battery may be used as the battery
module 110 according to the current embodiment of the
present invention.

[0025] According to an embodiment of the present in-
vention, when swelling of a battery is sensed, the battery
pack 100a may limit a state-of-charge (SOC) to be within
apredetermined charging or discharging range to reduce
a swelling proceeding speed or may conduct charging or
discharging repeatedly within the charging or discharging
range, thereby correcting the swelling. An internal struc-
ture and operation of the battery pack 100a will be de-
scribed in detail below.

[0026] Also, a main control unit 240 is a control unit
controlling the overall operation of the vehicle in which
the battery pack 100a is mounted. The main control unit
240 is connected to the battery pack 100a via a third
terminal P3 to exchange a control signal with the battery
pack 100a, monitor a state of the battery pack 100a, and
control an operation of the battery pack 100a.

[0027] Next, the power generation module 210 may
refer to a concept including an alternator of a vehicle. An
alternator not only supplies charging power to the battery
pack 100a but also power to an electrical load 230 while
an engine is driven.

[0028] Next, the starter motor 220 is driven when an
engine of a vehicle is started up, and may provide an
initial rotational motive power that rotates a driving axis
of the engine. For example, the starter motor 220 may
receive stored power via the first and second terminals
P1 and P2 of the battery pack 100a and rotate a driving
axis of the engine when the engine is started up or when
the engine is restarted after an idle stop, thereby re-
driving the engine. Furthermore, in the present invention,
starter motor 220 may be driven by a driving signal from
BMS 120, as described below.
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[0029] Togetherwiththe power generation module210
and the starter motor 220, the electrical load 230 may be
connected to the battery pack 100. The electrical load
230 consumes power stored in the battery pack 100, may
receive stored discharging power via the first and second
terminals P1 and P2, and may include various compo-
nents for electrical devices.

[0030] FIG. 2 illustrates a structure of a battery pack
100a according to an embodiment of the present inven-
tion.

[0031] Referring to FIG. 2, the battery pack 100a may
include the battery module 110, an auxiliary battery 111,
a battery management system (BMS) 120, a sensor unit
130, and a selection unit 140a.

[0032] The battery module 110 and the auxiliary bat-
tery 111 may each include a plurality of battery cells (not
shown) that are connected serially or parallel. The battery
module 110 according to the current embodiment of the
presentinventionis connected between the first and sec-
ond terminals P1 and P2, and receives charging power
and outputs discharging power.

[0033] The battery module 110 is a general name of a
structure including a plurality of battery sub-units. For
example, when the battery pack 100a is a battery rack
including a plurality of battery trays, the battery rack may
be regarded as the battery module 110. Also, when a
battery tray includes a plurality of battery cells, the battery
tray may be regarded as the battery module 110.
[0034] As described above, the battery module 110
may be formed of a lithium ion battery, a nickel-hydrogen
battery, etc. However, the auxiliary battery 111 may be
formed of a conventional lead storage battery in order to
complement characteristics of the battery module 110.
[0035] Asthe battery module 110repeats chargingand
discharging, when the battery module 110is overcharged
or subjected to a high temperature, battery swelling,
which refers to expansion of battery cells in the battery
module 110 due to an increase in an internal pressure,
may be generated. In particular, when the battery module
110 includes a lithium ion battery, battery swelling de-
forms an external appearance of a case of the battery
pack 100a, and stability of the battery pack 100a may be
problematic due to this deformation.

[0036] The speed of battery swelling may increase
when overcharging or overdischarging of the battery is
repeated. According to an embodiment of the present
invention, an SOC of a battery is limited within a prede-
termined charging and discharging range to thereby re-
duce the speed at which swelling of the battery module
110 proceeds. Also, according to another embodiment
of the present invention, in order to actively correct the
swelling, charging and discharging of the battery module
110 may be repeatedly conducted within a charging or
discharging range.

[0037] To reduce the battery swelling proceeding
speed or to correct the swelling, the BMS 120 controls a
charging and discharging process of the battery module
110.
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[0038] In addition, the BMS 120 is connected to the
battery module 110, and controls charging and discharg-
ing operations of the battery module 110. In addition, the
BMS 120 may perform functions such as overcharge pro-
tection function, over-discharging protection function,
over-current protection function, over-voltage protection
function, overheating protection function, and cell bal-
ancing. To this end, the BMS 120 may include a meas-
uring unit that measures a voltage, a current, a temper-
ature, a remaining amount of power, a lifespan, an SOC,
orthe like from the battery module 110, and may generate
acontrol signal based on a measurementresultto control
external devices such as the starter motor 220 and the
power generation module 210 of the current embodiment
of the present invention.

[0039] Theinternalstructure and functions of elements
of the BMS 120 will be described with reference to FIG.
3 below with other elements of the battery pack 100a.
[0040] Next, the sensor unit 130 measures a degree
of swelling of the battery module 110. According to an
embodiment of the present invention, the sensor unit 130
may measure a degree of swelling of the battery module
110 by using a piezoelectric element. When using a pi-
ezoelectric element, a minute change in the battery mod-
ule 110 may be precisely measured. The sensor unit 130
transmits a measurement result to the BMS 120.
[0041] Next, the selection unit 140a selectively con-
nects a circuit between P1 and (a), (b) or (c) according
to a control signal of the BMS 120. The selection unit
140a may include a switching device. The selection unit
140a may locate the switching device at (a) to connect
a first terminal P1, which is a connection terminal to an
external device, to the battery module 110, or locate the
switching device at (b) to connect the same to the auxil-
iary battery 111, or may locate the switching device at
(c) so that the switching device is not connected to any
of devices in the battery pack 100a.

[0042] Hereinafter, an internal structure of the BMS
120 and a method in which the BMS 120 reduces a pro-
ceeding speed of swelling of the battery module 110 and
corrects the swelling will be described.

[0043] FIG. 3 illustrates an internal structure of the
BMS 120 according to an embodiment of the present
invention.

[0044] Referring to FIG. 3, the BMS 120 includes a
swelling sensing unit 121, a range limiting unit 122 and
a correcting unit 123. First, the swelling sensing unit 121
receives a battery swelling measurement value from the
sensor unit 130 to determine whether the degree of swell-
ing exceeds a reference value. For example, if a degree
of swelling of the battery module 110 measured by using
a piezoelectric element of the sensor unit 130 is equal to
or greater than a predetermined reference value, the
swelling sensing unit 121 determines that the battery
module 110 is swollen and a decrease in the swelling
speed or correction of the swelling is required.

[0045] Next, the range limiting unit 122 limits an SOC
of the battery module 110 to be within a charging and
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discharging range between a charging limit and a dis-
charging limit according to an embodiment of the present
invention to thereby reduce a proceeding speed of swell-
ing.

[0046] Referring to FIG. 2 again, when performing
charging and discharging, the range limiting unit 122 ex-
amines whether an SOC of the battery module 110 is a
discharging limit or a charging limit, and if the SOC of the
battery module 110 is a discharging limit, the switching
device is located at (b) so that an external device may
receive power from the auxiliary battery 111 or supply
power to the auxiliary battery 111.

[0047] Alternatively, if the SOC of battery module 110
reaches a discharging limit or a charging limit, the range
limiting unit 122 locates the switching device at (c) to thus
block connection between the external device and the
battery pack 100.

[0048] FIG. 4 is a schematic view illustrating a selec-
tion/control unit 140b according to another embodiment
of the present invention.

[0049] Referring to FIG. 4, in the selection/control unit
140b, a battery module connection terminal (a) and an
auxiliary battery connection terminal (b) are respectively
connected to variable resistors Ry and R, so as to be
connected to a parallel connection terminal (ab). When
the selection/control unit 140b of FIG. 4 is included in the
battery pack 100, the range limiting unit 122 adjusts an
amount of current flowing into the battery module 110
and the auxiliary battery 111 via the variable resistors R,
and R,, thereby controlling a charging and discharging
range.

[0050] Thatis, whenan SOC ofthe battery module 110
is close to a charging limit or a discharging limit, the range
limiting unit 122 locates a switching device at (ab), and
sets a resistance of the variable resistor R, to be greater
than that of the variable resistor R, so that more discharg-
ing or charging current flows to the auxiliary battery 111
than to the battery module 110.

[0051] A process of decreasing a swelling proceeding
speed of the range limiting unit 122 will be further de-
scribed with reference to FIGS. 5 and 6 below.

[0052] FIG. 5is a graph of an SOC of a typical battery.
[0053] In order to prevent complete charging or com-
plete discharging of a battery where an SOC of the battery
is 100% or 0% as shownin FIG. 5,the BMS 120 according
to the current embodiment of the present invention may
set a charging limit or a discharging limit. For example,
the charging limit may be 70% of an SOC maximum, and
the discharging limit may be 30% of an SOC maximum.
[0054] FIG. 6 is a graph illustrating charging or dis-
charging of a battery module by limiting a range of charg-
ing or discharging, according to an embodiment of the
presentinvention. The range limiting unit 122 may control
such that when an SOC reaches a discharging limit L
while the battery module 110 is being discharged by the
electrical load 230 as illustrated in FIG. 6, no more dis-
charging is conducted. Likewise, while charging the bat-
tery module 110, when an SOC reaches the charging
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limit H, no more power may be supplied from the power
generation module 210 to the battery module 110.
[0055] FIG. 7 illustrates an internal structure of a vehi-
cle including a battery pack 100b according to another
embodiment of the present invention.

[0056] The BMS 120 may not only limit an SOC of a
battery to be within a charging or discharging range like
in the embodiment of FIG. 2, and according to another
embodiment of the present invention, charging or dis-
charging may be actively performed within the charging
and discharging range to correct swelling. That is, ac-
cording to the embodiment of FIG. 2, just the SOC of the
battery is limited when charging or discharging a battery
viathe electrical load 230 orthe power generation module
210, but according to the embodiment of FIG. 7, a swollen
battery is actively corrected by repeated charging and
discharging even when a vehicle is not driven.

[0057] Referring to FIG. 7, a path, through which the
BMS 120 of the battery pack 100b may transmit a signal
to the power generation module 210, the starter motor
220, and the electrical load 230 via a P3 terminal, is added
to Figure 1.

[0058] First, when swelling of the battery module 110
is sensed after the engine of the vehicle is stopped, the
correction unit 123 of the BMS 120 transmits a signal for
driving the starter motor 220. That is, even if the user
does not start up the engine of the vehicle, the starter
motor 220 is driven by a driving signal of the BMS 120,
and when the engine is started by the starter motor 220,
the power generation module 210 supplies charging pow-
er to the battery module 110. That is, charging of the
battery module 110 is performed.

[0059] When the battery module 110 is charged to
reach a charging limit, the correction unit 123 stops op-
eration of the power generation module 210 and drives
the electrical load 230 to discharge the battery module
110. That is, even when the engine is stopped, the BMS
120 may forcibly operate the electrical load 230 which
may be, for example, a light, a radio, a fan, or an air
conditioner, thereby discharging the battery module 110.
When the battery module 110 is discharged to reach a
discharging limit, the BMS 120 transmits a signal for stop-
ping operation of the electrical load 230 and transmits a
signal for driving the starter motor 220 so that the power
generation module 210 supplies charging power to the
battery module 110.

[0060] Charging or discharging of the battery module
110 is repeated within a charging or discharging range
in the above-described manner to thereby correct swell-
ing of the battery module 110. If the sensing unit 130
determines that swelling of the battery module 110 is
corrected, the BMS 120 stops charging or discharging of
the battery module 110.

[0061] FIG.8isagraphillustratingan SOC of a battery
when swelling is corrected, according to an embodiment
of the present invention.

[0062] As illustrated in FIG. 8, the correction unit 123
may charge the battery module 110 and when an SOC



9 EP 2 645 527 A1 10

reaches a charging limit H, the battery module 110 is
immediately discharged; on the other hand, when an
SOC reaches a discharging limit L while discharging the
battery module 110, the battery module 110 is immedi-
ately charged. According to the above-described meth-
od, the correction unit 123 may actively correct swelling
of the battery module 110.

[0063] FIG. 9 is a flowchart illustrating an operation of
a reducing a proceeding speed of swelling by limiting a
charging or discharging range of an SOC of a battery.
First, in operation S11, a BMS senses whether a battery
is swollen or not by using information received from a
sensor unit.

[0064] Next, in operation S12, the BMS monitors an
SOC of a battery module to sense a moment where an
SOC of the battery module reaches a discharging limit
or a charging limit.

[0065] If the SOC of the battery module has reached
a discharging limit or a charging limit (operation S13),
the selection unit, or control unit, connects an external
device connection terminal, that is, a terminal P1, to the
auxiliary battery module 111. Alternatively, the selection
unit disconnects the external device connection terminal
P1 from the battery module 110, for example by connect-
ing to a dummy terminal ¢ (operation S14).

[0066] If the SOC of the battery module has not
reached the discharging limit or the charging limit, the
SOC of the battery module is further sensed.

[0067] Finally, in operation S15, the battery module is
charged or discharged within a charging and discharging
range between the charging limit and the discharging lim-
it.

[0068] FIG. 10 is a flowchart illustrating an operation
of correcting swelling by charging or discharging a battery
within a charging or discharging range.

[0069] In operation S21, when the engine of a vehicle
is stopped, a BMS senses whether a battery is swollen
by using information received from a sensor unit, and
operates a correction unit.

[0070] Next, in operation S22, the BMS monitors an
SOC of a battery module to sense a moment when an
SOC reaches a discharging limit or a charging limit.
[0071] In operation S23, when the SOC of the battery
module reaches a discharging limit, the BMS transmits
adriving signal to a starter motor and allows an alternator
to generate charging power of the battery module in op-
eration S24, and charges the battery in operation S25.
[0072] Alternatively, when the SOC of the battery mod-
ule reaches a charging limit in operation S23, the BMS
transmits a driving signal to an electrical load so as to
forcibly operate the electrical load in operation S26 to
discharge the battery module in operation S27.

[0073] While this invention has been particularly
shown and described with reference to exemplary em-
bodiments thereof, it will be understood by those of or-
dinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the invention as defined by the appended
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claims.

[0074] Itshould be understood that the exemplary em-
bodiments described therein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embod-
iment should typically be considered as available for oth-
er similar features or aspects in other embodiments.

Claims
1. A battery pack (100) comprising:

a battery module (110); and

a battery management system (120) for control-
ling charging and discharging of the battery
module (110) via an external terminal (P1);
wherein the battery management system (120)
is arranged tolimit a state of charge of the battery
module (110) to be within a charging and dis-
charging range between a charging limit and a
discharging limit, the battery pack further com-
prising a sensor unit (130) for detecting swelling
in the battery module (110), wherein the battery
management system (120) is arranged to limit
the state of charge of the battery module (110)
in response to the detection of swelling in the
battery module.

2. Abattery pack according to claim 1, wherein the bat-
tery management system (120) includes a swelling
sensing unit (121) for receiving a battery swelling
measurement value from the sensor unit (130) that
indicates a degree of swelling and for determining
whether the degree of swelling is equal to or greater
than a predetermined reference value.

3. Abattery pack according to claim 2, wherein the bat-
tery management system (120) is arranged to re-
duce the speed of swelling or to correct the swelling
in response to a determination that the degree of
swelling is equal to or greater than the predetermined
reference value.

4. Abattery pack according to any one of the preceding
claims, wherein the battery management system
(120) is arranged to determine whether the state of
charge of the battery is at or approaching the charg-
ing limit or the discharging limit.

5. Abattery pack according to any one of the preceding
claims, further comprising a selection unit (140) for
selectively connecting the battery module (110) to
and disconnecting the battery module (110) from the
external terminal in response to a determination that
the state of charge of the battery is at or approaching
the charging limit or the discharging limit.



10.

1.

12.

11 EP 2 645 527 A1 12

A battery pack according to claim 5, further compris-
ing an auxiliary battery (111), wherein in response
to a determination that the state of charge of the bat-
tery is at or approaching a charging limit or a dis-
charging limit, the selection unit (140) is arranged to
switch to the auxiliary battery (111).

A battery pack according to claim 5, further compris-
ing an auxiliary battery (111), wherein the selection
unit (140) is arranged to disconnect the external ter-
minal from both the battery module (110) and the
auxiliary battery (111) in response to a determination
that the state of charge of the battery is at or ap-
proaching a charging limit or a discharging limit.

A battery pack according to any one of claims 1 to
4, further comprising:

an auxiliary battery (111); and

a control module (140) for controlling the charg-
ing and discharging range,

wherein the control module comprises a com-
mon terminal (ab) connectable to the external
terminal (P1), the battery module (110) being
connected to the common terminal (ab) via a
first variable resistor and the auxiliary battery
(111) being connected to the common terminal
(ab) via a second variable resistor, wherein the
battery management system (120) is arranged
to control the resistance of the variable resistors
in response to a determination that the state of
charge of the battery is at or approaching the
charging limit or the discharging limit.

Abattery pack according to claim 8, wherein the con-
trol module further comprises means for switching
between the common terminal (ab) and a dummy
terminal (c) for disconnecting the battery module
(110) and the auxiliary battery (111) from the external
terminal.

A battery pack according to any one of claims 1 to
5, wherein the battery module (110) is arranged to
be discharged as soon as the charging limit is
reached and arranged to be charged as soon as the
discharging limit is reached.

A battery pack according to any one of the preceding
claims, when dependent on claim 6, 7 or 8, wherein
the battery module (110) comprises a lithium ion bat-
tery, and the auxiliary battery (111) comprises alead-
acid battery.

Anidle stop and go system for a vehicle, comprising:
a battery pack (100) according to any one of the

preceding claims;
a power generating module (210) for charging
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14.

15.

the battery module (110);

a starter motor (220) arranged to be powered
by the discharge of the battery module (110);
and

an electrical load.

An idle stop and go system according to claim 12
when dependent on claim 10, wherein the battery
management system is arranged to control the pow-
er generating module (210) to supply power to the
battery module when the discharging limitis reached
and to control the electrical load to discharge the
battery when the charging limit is reached.

An idle stop and go system according to claim 13,
wherein the battery managementsystem is arranged
to transmit a signal to the starter motor to start an
engine of the vehicle when swelling of the battery is
sensed after the engine of the vehicle is stopped.

An idle stop and go system according to claim 13 or
14, wherein the battery management system is ar-
ranged to transmit a signal to the electrical load to
operate the electrical load when swelling of the bat-
tery is sensed after the engine of the vehicle is
stopped.
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